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ABSTRACT
General chemistry is a survey course meant to form a foundation for students’
to build upon as they progress into chemistry sub-disciplines. The effectiveness of this
foundation rests heavily on students’ abilities to retain or relearn concepts from the
course. This study seeks to investigate the utility of a measure of general chemistry
students’ knowledge retention across the time period of one semester. This approach
was enacted in five different courses of either first or second semester general
chemistry. The results showed that one-quarter to one-half of students exhibited a high
rate of retention across the semester. A smaller group, approximately one-tenth to onefifth of students exhibited little success on both the initial or repeated offering of the
exam items. The remaining students had approximately equal representation of
gainers, those who improve on their performance over the semester, and falterers,
those who decline on their performance over the semester. The grouping by knowledge
retention was related to academic performance in the course and it was found that a
high level of retention was associated with stronger academic performance.
Additionally, students who retained or gained exhibit higher average academic growth
over the semester. Combined, the relation to academic performance serves to highlight
the importance of knowledge retention in the educational setting. The proposed
methodology can be readily incorporated within a naturalistic course setting facilitating
adoption for instructors and researchers to further explore students’ knowledge
retention. Another study was performed asking students and peer leaders what they
vi

thought the three most important topics in general chemistry was as well as asking two
free response questions asking them what information they could provide when given
the chemical formula of a compound. An analysis of the responses for the question
related to the three big topics in general chemistry revealed four topics that were
selected as the most important more than ten times: acids/bases, equilibrium,
stoichiometry and thermodynamics. One of those topics, stoichiometry, is a General
Chemistry I topic that seems to persist as being an important topic for students and peer
leaders. The analysis also revealed that some topics, such as electrochemistry, are
believe to be important because they are the most recent subject a student has learned,
but when asked the same question months later, that topic is no longer believed to be
important. The two free response questions showed that peer leaders have a better
ability to connect chemical properties to chemical processes and orientations, as they
were able to see that the ionic compound could dissociate in water and can be oriented
as a lattice. The students who learned General Chemistry II using a traditional lecture
were not able to retain the same number of correct statements as peer leaders or
students who were taught General Chemistry II using peer-led team learning (PLTL).
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CHAPTER ONE
INTRODUCTION

General chemistry, in most universities, is the first chemistry course a student
takes when enrolled at a university. The concepts and techniques they learn in these
courses will continue to be useful in their future chemistry courses and potentially in
their career depending on where the student takes their academic career. It is
imperative that students understand these concepts so that they can retain the
information in future courses. The learning of these concepts hopefully builds a basis of
understanding for chemistry that makes it easy for students to retain and recall this
information when prompted. This basis of knowledge also facilitates the relearning of
concepts and the integration of new concepts to build a network of knowledge that
continues to build and repurpose prior concepts. An ability to measure a student’s
retention of knowledge is useful to both researchers and teachers alike. Researchers
would have a methodology to measure retention across a semester or different time
frames, as well as having a way to analyze interventions or different teaching
pedagogies and their potential effects on a student’s retention of knowledge. Instructors
would be able to determine if implementing certain teaching strategies would have an
influence on a student’s retention of knowledge and characterizing students based on
their retention of knowledge capabilities. Two different sets of data will be discussed in
the following pages, one where a methodology to analyze a student’s retention of
1

knowledge is developed and tested and a study where students’ spontaneous
responses to prompts are analyzed to determine their retention of concepts in the
timespan of a couple of months.

2

CHAPTER TWO
A METHODOLOGY FOR MEASURING RETENTION OF KNOWLEDGE WITHIN A
GENERAL CHEMISTRY CLASS

Introduction
General or introductory chemistry is a survey course meant to form a
foundation for students to build upon as they progress into chemistry sub-disciplines.
The effectiveness of this foundation rests heavily on students’ abilities to retain or
relearn concepts from the course. This study seeks to investigate the utility of a
measure of general chemistry students’ knowledge retention across the time period of
one semester. The measure can be readily incorporated within a naturalistic course
setting offering the potential to explore knowledge retention in various chemistry
education venues and to spur research into factors that may influence chemistry
knowledge retention.

Literature Review
The most detailed exploration of knowledge retention in chemistry was a case
study conducted by Taber (2003). In this work, a student who was the subject of an
earlier case study on concepts of chemical bonding was interviewed nearly four years
after completing the chemistry course. The student reported having no reason to think
3

about the course since his completion of it. The student used minimum energy, octet
rule and Coulombic forces as separate explanatory principles during the course; four
years later the student was able to invoke minimum energy and octet rule as
explanatory principles but not Coulombic forces. The student did however more
meaningfully integrate octet rule and minimum energy into a more unified explanatory
principle indicating some meaningful reorganization of the content. The student also
relied more heavily on anthropomorphic explanations similar to the student’s
explanations at the start of course work potentially indicating a long-term reliance on the
more familiar colloquial terms despite their reduced utility. Finally, the student featured
some notable omissions such as not invoking polar covalent bonds or the ionization of
atoms. This study offers insight into the nuanced manner by which conceptual
understanding develops over time and highlights the need to further understand it.
Likely owing to logistics or an emphasis on generalizability, chemistry
education research has more often explored student chemistry understanding across
time using repeated admissions of an assessment. Bunce and VandenPlas sought to
measure knowledge retention by administering two open-ended questions on a test and
then the same questions on a quiz that varied from two to seventeen days after the test.
This procedure was enacted with undergraduate nursing students, undergraduate nonscience majors, and high school honors chemistry students. For the nursing general
chemistry students and the high school honors students there were no statistically
significant differences between the students’ test scores and the subsequent quiz score,
however there was a significant decline for the undergraduate non-science majors. The
non-science majors differed from the other cohorts in that there were no intervening
4

quizzes between the test and the delayed quiz and they did not have a cumulative final
exam. The extent of the delay had no measurable impact on performance and the
authors concluded that any decay in knowledge occurred within two days of taking the
test (Bunce & VandenPlas 2011).
A number of studies used a pretest, posttest design to evaluate the efficacy of
an instructional intervention with a pretest to control for incoming differences and a
single administration posttest after instruction.(Webster 2006; Uce 2016; Smetana
2014; Ojennus 2015; Jong 2016; Goeden 2015; Eymur 2017; Doymus 2007; Bramaja
2013; Bilgin 2009; Barthlow 2014) The pretest, posttest study design serves to explore
the effectiveness of instructional strategies but is not designed to measure knowledge
retention. Recently, studies have called for more emphasis on long-term knowledge
retention by enacting a delayed posttest design to evaluate instructional
strategies.(Bode 2016, Chase 2017, Calik 2017) Within chemistry education research a
small set of studies have begun to explore long-term knowledge retention with this
design.
Costu et al. used a pretest, posttest, delayed posttest design to evaluate
teaching activities based on conceptual change theory (2009). The teaching activities
focused on evaporation with introductory chemistry students. The assessment included
two-tier multiple-choice questions and open-ended questions with the delayed posttest
given 12 weeks after the post-test. The results of the delayed posttest compared to the
posttest showed that students’ maintained or slightly improved performance on the twotier multiple-choice items but declined in the quality of explanations provided to the
open-ended questions. The authors also noted that misconceptions given during the
5

pretest open-ended questions were no longer observed in the posttest or delayed
posttest. The authors concluded that the teaching activities promoted conceptual
change that was retained.
Shah, et al. used a similar design to evaluate the effectiveness of instruction
(2018). The ACID I (McClary and Bretz 2012), a multi-tier multiple choice concept
inventory designed to measure students’ conceptions of acid strength, was used with
first-year university students. The test was given as a pretest and posttest bookending
three weeks of instruction using Chemical Thinking (Sevian and Talanquer 2014), a
curriculum designed to emphasize fundamental questions, and then a delayed posttest
ten weeks after instruction. The authors reported that the difference between the
delayed posttest scores and the posttest scores were not statistically significant and
concluded that students had retained their new conceptions.
Supasorn & Promarka performed their study with the goal of determining
whether inquiry-based instruction with the use of analogies had a positive impact on the
learning of chemical reaction rate/kinetics and the retention of those topics (2015).
Forty-four grade eleven students were taught kinetics, specifically chemical reaction
rate and things that can affect reaction rate over a seven lesson plan (approximately
fifteen hours of instruction). A pretest, posttest, and delayed posttest design was used
with a 30 item two-tier multiple-choice questions. The delayed post-test was given to
students 30 days after the end of the lesson. Students showed significant improvement
from the posttest to the delayed posttest. The authors attributed this gain to either
delayed benefits from the instruction, or the fact that the students became more familiar
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with chemical kinetics while studying chemical equilibrium which took place between the
posttest and the delayed posttest.
Calik, Ayas & Coll investigated whether implementing an analogy activity
would have an impact on the understanding of solution chemistry and the retention of
these concepts (2009). Forty-four grade nine students were taught solution chemistry
using an analogy of people getting on a bus. The students were given a pretest,
posttest, and delayed posttest in order to measure the effectiveness of the intervention
on immediate understanding of the concepts and retention of the concepts. The same
two questions were asked on all three assessments. The questions were short answer,
where the student was given a figure and an explanation of the question underneath
and asked to answer the prompt. The delayed post-test was administered ten weeks
after the intervention. Interviews were also conducted on students who showed the
greatest change among pretest, posttest, and delayed posttest. The interviews
consisted of different scenarios that the student had to perform and answered the
questions the interviewer asked them. ANOVA tests showed there was no statistically
significant difference between the posttest and the delayed posttest scores, with the
authors concluding that the analogy activity helped the students retain the concepts
learned in class.
Calik, Kolomuc & Karagolge (2010) performed a study to determine the
effectiveness of using animations, student guide sheets and small group discussions to
promote the understanding of the concept of rates of reactions. Seventy-two grade 11
students were divided into two groups, one group getting the intervention and the other
group not getting the intervention. The students were administered a pretest, posttest,
7

and delayed posttest that consisted of 19 short-answer questions and were the same
questions each time. The delayed post-test was administered eight weeks after the
intervention. The responses to the questions were coded as sound understanding (4
points), partial understanding (3 points), partial understanding with specific alternative
conception (2 points), specific alternative conception (1 point) and no understanding (0
points). Similar to Suparson, this study found an increase from the posttest to the
delayed posttest for both groups with a notably larger increase for the group receiving
the intervention. The authors proposed explanation for the results is that the
intervention led to conceptual understanding, which improved students’ conceptions
over time without additional instruction.

Retention and Transfer
Arzi, et al. (1986) measured students’ retention of knowledge on the periodic
table and structure of the atom. Students who studied chemistry within a physical
science course in middle school and students whose physical science course did not
cover chemistry were given a multiple-choice test one year removed from the physical
science course offering. The multiple-choice test provided an option for students to
indicate uncertainty in lieu of guessing. During the interceding year chemistry content
was not presented. It was found that students’ knowledge decreased during the year
without chemistry instruction but the students with chemistry instruction outperformed
those without chemistry instruction. Further, students were given worksheets and
tested on an application of the periodic table that was not covered in the initial
instruction. The test served as a measure of transfer, using prior knowledge in a novel
8

situation. Students’ prior knowledge on the periodic table related to performance on the
measure of transfer suggesting that knowledge was retained and utilized in learning
new knowledge.
Teichert et. al, also investigated transfer with students following a guided
discovery pedagogy using the Model-Observe-Reflect-Explain framework with a focus
on the solvation of ionic versus covalent compounds.(2017) At the end of the semester
students were interviewed about their conception of dissolution of compounds in water
and with the novel situation of a boiling point elevation problem. Students showed more
success with drawing models of solvation in the first part, but less success with the
same task within the boiling point elevation context. The responses show that the
students are able to retain the concepts that they were taught, but have trouble
transferring the knowledge to a different topic. Combined between Arzi, et al. and
Tiechert, et al.’s work, it is hypothesized that 1) retention is necessary for transfer as
one is unlikely to apply previous knowledge to a new situation if they cannot recall the
previous knowledge and 2) retention alone is not sufficient for transfer as the previous
knowledge may be compartmentalized. Given the likely role of retention in transfer and
the importance of transfer as an instructional goal, this work is motivated by a desire to
better understand retention as a means for eventually exploring characteristics
necessary for transfer to take place.

Study Rationale
In summary, past work has shown that knowledge retention in chemistry has
been a target of focus primarily in evaluating instructional innovations. The
9

methodology for measuring target retention has relied on multiple administrations of a
single instrument, which may be logistically prohibitive within a class setting. The
majority of work has relied on reporting average scores across time from a multiplechoice instrument or the coding of short answer responses to a numeric scheme.
Analyses have shown either 1) no statistical difference between the posttest and
delayed posttest suggesting that either knowledge retention has been maintained or
there was insufficient statistical power to characterize any differences; or 2) student
improvement from posttest to delayed posttest attributed to either related subsequent,
related instruction or meaningful conceptual integration. One challenge with the
analyses methodology used is the reliance on the average scores from each
administration. This comparison serves a general evaluation of the instructional
innovation being studied but fails to explore subtlety within retention. For example, to
what extent are students who score the posttest correctly and the delayed posttest
incorrectly offset by students who score the posttest incorrectly and the delayed posttest
correctly? A pairing of such students would provide a misleading indication that
knowledge retention is achieved as the averages on the posttest and delayed posttest
would not change even though this phenomenon raises doubt that retention occurred.

Research Objectives
This study seeks to propose and evaluate a methodology for measuring
knowledge retention within the constraints of a large, general chemistry class setting
and occurring within a single semester. As part of this methodology, analyses are
chosen to measure not just knowledge retention but also growth or declination in
10

knowledge over the course of the semester. Finally, to explore the external validity of
the resulting metric, the measure of retention will be related to measures of general
academic performance in chemistry to explore evidence that the demarcation by
knowledge retention as measured with this methodology represents a meaningful
component to overall academic performance within a course.

Methods

Research Setting
The research setting is a large research-centered university in the southeast
United States. At this setting, General Chemistry I (GC1) and II (GC2) are coordinated
with multiple classes following the same syllabus, using the same text and administering
common tests and exams at the same time. The content sequence in the class follows
the presentation arranged by a common, commercially available textbook (Tro 2017).
In GC1, the content is summarized as mole concept, stoichiometry, reactions in
solution, gas laws, thermodynamics (changes in enthalpy), models of bonding, Lewis
structures and molecular shapes. In GC2, the content is summarized as intermolecular
forces, colligative properties, reaction kinetics, chemical equilibrium, acids and bases,
buffers, thermodynamics (spontaneity) and electrochemistry.
All students in GC1 were enrolled in classes incorporating Peer-Led Team
Learning (PLTL) and in GC2 a portion of the classes incorporated PLTL. In both
instances, PLTL represented a mandatory component of the course where attendance
to weekly sessions comprised a portion (10% in GC1, 5% in GC2) of students’ course
11

grades. In GC1 each class had two 75-minute lecture-based class meetings and one
50-minute PLTL session per week. In GC2 each class had two 75-minute lecture-based
class meetings per week. In GC2 the sections incorporating PLTL replaced one of the
class meetings with a 75-minute PLTL session. During the peer-led sessions, students
work in groups of three or four with 12 to 20 students assigned to a peer leader (Lewis
2011). A peer leader is a student who has already completed the course and has
returned to help the students. During the sessions, student work through a set of 10 to
15 problems created by the instructors and the peer leaders serve as a resource for
students who are stuck and provide feedback to students on their progress.

Characterization of Responses to Repeated Questions
In both GC1 and GC2, students received three interim tests each with 20
multiple-choice questions and six true-false questions following the measure of linked
concept format meant to incorporate past concepts with current concepts (Ye 2015).
Each interim test comprised 15% of the overall grade. Students who missed an interim
test for varying reasons completed an alternative test at a later date. At the end of the
semester students were given a cumulative final exam, spanning content for the entire
semester. The final exam had 45 multiple-choice questions and ten measure of linked
concept questions and comprised 25% of the overall grade. The final exam was kept
secure and students who missed the final exam took the same exam at a later date.
Students were informed ahead of the final exam that two questions from each interim
test (six questions total) would appear on the final exam to promote an emphasis on
retention in preparation for the exam. Questions were selected to span a range of
12

topics in each course. This procedure was conducted during two semesters of GC1
and three semesters of GC2. Each course and semester was analyzed separately. For
simplicity of presentation the course and semester pairing will be referred to as Course
A through Course E. Courses A and B are both GC1 and Courses C through E are
GC2. Courses A and D are considered on-sequence, fall semester for GC1 and spring
semester for GC2 respectively, and Courses B, C and E are off-sequence.
Students’ by item responses to all interim tests and final exams in GC1 and
GC2 were recorded throughout the semester. Student responses on each pair of
repeated items were coded using the scheme presented in Figure 1.

Each student was then characterized by the sum of codes received. For
example, a hypothetical student may have answered four of the six repeated questions
correct on the interim exam and then three of the those four correct on the final exam.
13

For the remaining two questions the student answered incorrectly on both the interim
and final exam. This students’ sum of codes would be a three in both correct, a one in
corr-inc, a zero in inc-corr and a two in both incorrect. Thus each student is given a
score for each code and the score ranges from zero to six. For each student the sum of
scores across the four codes would equal six. A visual representation is shown in Table
1 for a single question coding and Table 2 for a student’s possible sum of codes.

Table 1. Example Coding for Student’s Response on Repeated Question
In-Term Exam

Final Exam

Question

Code
Response

Response

D (Incorrect)

D (Incorrect)

The central atom for the best
Lewis structure of N2O
has__________.

A) 2 sigma bonds, 2 pi bonds
B) 1 sigma bond, 3 pi bonds
C) 1 sigma bond, 2 pi bonds
D) 2 sigma bonds, 3 pi bonds
E) 2 sigma bonds, 1 pi bond

14

Both Inc

Table 2. Example of a Student’s Sum of Codes for Repeated Questions
Total Both Corr

Total Inc-Corr

Total Corr-Inc

Total Both Inc

3

1

0

2

Cluster Analysis
Cluster analysis (Clatworthy et. al, 2005) was used to group students based
on their code scores to understand potential patterns across the codes with more detail
than comparing average scores. Hierarchical cluster analysis was performed using
Ward’s method and squared Euclidean distance was conducted with the goal to create
groups that were unique with minimal overlap. Squared Euclidean distance was used
because the difference in scores is important in this clustering of students. Since the
goal is to group these students based on their code scores, the difference in these
scores matters, so that a student who gets both-cor on five questions does not get
grouped with a student who gets both-cor on only one question. Ward’s method was
used because when determining the which two clusters to combine, the sum of squares
of the new cluster must be kept at a minimum, which is the procedure Ward’s method
uses to cluster the students together. The cluster solution that produced 7 clusters was
evaluated by the average performance on the four categories for the students
associated with each cluster and qualitative descriptions were created for each cluster.
In the 7-cluster solution it was found that multiple clusters had redundant qualitative
descriptions. The clusters were then reduced sequentially until a solution combined two
clusters that were qualitatively unique; the preceding cluster analysis solution was then
used retaining the set of unique clusters. Finally, the average score for each of the
15

unique clusters was used as a starting point for K-means clustering. K-means is an
iterative clustering method that checks individuals for placement with another cluster
and reassigns when necessary to arrive at cluster solutions with minimal overlap
(Clatworthy et. al, 2005).

Results

Knowledge Retention
To characterize the extent of retention in Course A, descriptive statistics were
ran for the four variables both correct, corr-inc, inc-corr and both incorrect and shown in
Table 3.

Table 3. Descriptive Statistics for Course A
Skewness

Kurtosis

(SE = 0.059)

(SE = 0.118)

Mean (SD)

Both correct

3.17 (1.702)

-.111

-.921

Corr-inc

1.08 (1.008)

.839

.496

Inc-corr

0.96 (0.942)

.864

.485

Both incorrect

0.79 (1.071)

1.481

1.950

On average, students answered three of the six questions correct on both the
in-term exam and final exam, one question each was incorrect on the in-term exam and
correct on the final exam, correct on the in-term exam and incorrect on the final exam
16

and incorrect on both exams. A positive skew greater than two standard errors are
present for corr-inc, inc-corr and both incorrect likely indicating a floor effect on these
variables given the closeness of the average to the floor of zero. The positive kurtosis
for the same variables indicates outliers to a normal distribution, namely the presence of
a set of students with values higher than the average. With the planned use of cluster
analysis to group students, prior to the use of statistics that rely on normal distributions,
the decision was made to retain these students. The other courses had similar
descriptive statistics, except Course D had a both correct average closer to 4. These
courses are shown in Tables 4-7.

Table 4. Descriptive Statistics for Course B
Skewness

Kurtosis

(SE = 0.102)

(SE = 0.204)

Mean (SD)

Both correct

2.97 (1.684)

.037

-1.018

Corr-inc

1.11 (1.071)

.824

.107

Inc-corr

0.81 (0.901)

1.180

1.685

Both incorrect

1.11 (1.312)

1.271

1.337

Table 5. Descriptive Statistics for Course C
Skewness

Kurtosis

(SE = 0.107)

(SE = 0.214)

.055

-1.068

Mean (SD)

Both correct

2.90 (1.888)
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Table 5 (Continued)
Corr-inc

1.39 (1.249)

.566

-.559

Inc-corr

0.88 (1.272)

1.366

.777

Both incorrect

0.83 (1.232)

1.556

1.850

Table 6. Descriptive Statistics for Course D
Skewness

Kurtosis

(SE = 0.070)

(SE = 0.141)

Mean (SD)

Both correct

3.83 (1.589)

-.429

-.603

Corr-inc

0.95 (0.976)

.886

.320

Inc-corr

0.58 (0.802)

1.413

1.876

Both incorrect

0.64 (1.024)

1.769

2.722

Table 7. Descriptive Statistics for Course E
Skewness

Kurtosis

(SE = 0.103)

(SE = 0.205)

Mean (SD)

Both correct

2.74 (1.615)

.207

-.754

Corr-inc

1.18 (1.041)

.763

.329

Inc-corr

0.99 (0.972)

.990

1.259

Both incorrect

1.09 (1.236)

1.086

.530

While descriptive statistics allow a description of the overall tendencies
among the entire sample, these statistics do not describe the interactions among the
18

variables. For example, how likely is it that students score particularly high on both
correct and inc-corr and low on the remaining metrics? To explore patterns in retention
across these variables, cluster analysis was conducted which resulted in four unique
clusters. The clusters were characterized by their average scores and standardized
scores (z-scores), which are presented in Table 8.

Table 8. Descriptive Statistics of Clusters for Course A
Mean (z-score)
Cluster

N (%)
Both Corr

Inc-Corr

Corr-Inc

Both Inc

717 (41.6)

4.82 (0.97)

.39 (-0.61)

.57 (-0.50)

.21 (-0.54)

351 (20.4)

2.70 (-0.28)

2.08 (1.19)

.54 (-0.53)

.68 (-0.10)

356 (20.7)

1.96 (-0.71)

1.07 (0.12)

2.48 (1.39)

.49 (-0.28)

299 (17.4)

1.20 (-1.16)

.87 (-0.10)

1.26 (0.18)

2.68 (1.77)

1723

3.17 (1.70)

0.96 (.94)

1.08 (1.01)

.79 (1.07)

Cluster 1
Retainers
Cluster 2
Gainers
Cluster 3
Falterers
Cluster 4
NoSuccess
Overall
Mean
(SD)
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Of the 6 repeated questions, students in Cluster 1 averaged 4.82 questions
correct both times, nearly a standard deviation above the overall average. Owing to the
high rate of answering both items correctly this group of students was labeled as
Retainers. Using the same approach for the other three clusters, students in Cluster 2
had high rates of Inc-Corr and are labeled as Gainers, Cluster 3 had high rates of CorrInc and are labeled as Falterers and Cluster 4 had high rates of both incorrect and are
labeled as No-Success. Cluster analyses on Courses B and E led to analogous results.
The cluster analysis of Course C resulted in a three-cluster solution where Falterers and
No-Success were represented with a single cluster. Course D’s initial cluster solution
was characterized by linking, where a strong majority of students were grouped into one
cluster. In reviewing the data, 16.8% of students in Course D had Both Correct on all
six items, matching the higher average observed in the descriptive statistics and a
percent that is notably higher than the other courses. These students would have
identical data sets, which may be responsible for the linking. The decision was made to
place these students in a separate Retain all six category and cluster the remaining
data. The remaining data clustered in the four-cluster solution matching the solution
described above. The cluster solutions are showcased in Tables 9-12 below.

Table 9. Descriptive Statistics of Clusters for Course B
Mean (z-score)
Cluster

N (%)
Both Corr

Inc-Corr

Corr-Inc

Both Inc

4.72 (1.04)

.64 (-0.43)

.41 (-0.44)

.23 (-0.67)

Cluster 1
230 (40.1)
Retainers
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Table 9 (Continued)
Cluster 2
121 (21.1)

1.99 (-0.58)

2.67 (1.46)

.52 (-0.32)

.82 (-0.22)

135 (23.5)

2.07 (-0.53)

.79 (-0.30)

1.87 (1.18)

1.27 (0.12)

88 (15.3)

1.09 (-1.12)

.72 (-0.36)

.61 (-0.22)

3.58 (1.88)

574

2.97 (1.68)

1.11 (1.07)

.81 (0.90)

1.11 (1.31)

Gainers
Cluster 3
Falterers
Cluster 4
NoSuccess
Overall
Mean
(SD)

Table 10. Descriptive Statistics of Clusters for Course C
Mean (z-score)
Cluster

N (%)
Both Corr

Inc-Corr

Corr-Inc

Both Inc

220 (42.4) 5.21 (1.22)

.54 (-0.68)

.16 (-0.57)

.08 (-0.61)

152 (29.3) 2.82 (-0.04)

2.63 (0.99)

.25 (-0.50)

.30 (-0.43)

.42 (-0.78)

2.48 (1.26)

2.32 (1.21)

Cluster 1
Retainers
Cluster 2
Gainers
Cluster 3
Falterers/No- 147 (28.3) .78 (-1.12)
Success
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Table 10 (Continued)
Overall
Mean

519

2.90 (1.89)

1.39 (1.25)

.88 (1.27)

.83 (1.23)

(SD)

Table 11. Descriptive Statistics for Clusters for Course D
Mean (z-score)
Cluster

N (%)
Both Corr

Inc-Corr

Corr-Inc

Both Inc

435 (36.1)

4.61 (0.49)

.63 (-0.33)

.50 (-0.10)

.27 (-0.36)

236 (19.6)

3.23 (-0.38)

2.38 (1.47)

.17 (-0.51)

.22 (-0.41)

209 (17.3)

1.96 (-1.18)

1.21 (0.27)

1.75 (1.46)

1.08 (0.43)

124 (10.3)

1.88 (-1.23)

.50 (-0.46)

.60 (0.02)

3.02 (2.32)

202 (16.7)

6.00 (1.37)

.00 (-0.97)

.00 (-0.72)

.00 (-0.62)

1206

3.83 (1.59)

.95 (0.98)

.58 (0.80)

.64 (1.02)

Cluster 1
Retainers
Cluster 2
Gainers
Cluster 3
Falterers
Cluster 4
NoSuccess
Retain All
Six
Overall
Mean
(SD)
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Table 12. Descriptive Statistics for Cluster for Course E.
Mean (z-score)
Cluster

N (%)
Both Corr

Inc-Corr

Corr-Inc

Both Inc

177 (31.3)

4.69 (1.21)

.69 (-0.47)

.37 (-0.64)

.24 (-0.69)

128 (22.7)

2.12 (-0.39)

2.62 (1.38)

.60 (-0.40)

.66 (-0.35)

155 (27.4)

2.26 (-0.30)

.85 (-0.32)

1.88 (0.92)

1.00 (-0.07)

105 (18.6)

.90 (-1.14)

.75 (-0.41)

1.17 (0.19)

3.17 (2.14)

565

2.74 (1.61)

1.18 (1.04)

.99 (0.97)

1.09 (1.24)

Cluster 1
Retainers
Cluster 2
Gainers
Cluster 3
Falterers
Cluster 4
NoSuccess
Overall
Mean
(SD)

To determine whether the clusters were meaningfully different, an ANOVA
test was conducted comparing the four clusters across each metric (e.g. both correct).
Each test was evaluated at a Type I error cut-off of 0.01 to control for group-wise error
and was found to be significant with effect sizes (f ranges from 0.67 to 0.86) each
greater than large (defined as f = 0.4)(Cohen 1988). Post-hoc Tukey pairwise
comparisons indicated each cluster was significantly higher than the remaining clusters
on the expected variable; for example, Gainers were significantly higher than all other
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clusters on inc-corr. Courses B through E also featured effect sizes (f > 0.6) greater
than large with similar pairwise comparison results.
For Course A (Table 8), the cluster with the largest number of students was
the Retainer group, with 41.6% of students. These students performed above average
on both iterations of the items, averaging 5.39 items correct (4.82 + 0.57) on the interim
exam and 5.21 items correct (4.82 + 0.39) on the final exam. The No-Success group
had the fewest students comprising 17.4% of the sample. These students had the
lowest performance averaging 2.46 questions correct on the interim exams and 2.07
questions correct when revisiting the questions on the final exam. Falterers (20.7% of
the sample) averaged 4.44 items correct on the interim exam but then 3.13 items
correct on the final exam, while gainers (20.4% of the sample) had an opposite
experience, averaging 3.24 items correct on the interim exam and then scoring 4.78
items correct on the final exam.
For Course B (Table 9), the cluster with the largest number of students was
the Retainer group, with 40.1% of students. These students performed above average
on both iterations of the items, averaging 5.13 items correct (4.72 + 0.41) on the interim
exam and 5.36 items correct (4.72 + 0.64) on the final exam. The No-Success group
had the fewest students comprising 15.3% of the sample. These students had the
lowest performance averaging 1.70 questions correct on the interim exams and 1.81
questions correct when revisiting the questions on the final exam. Falterers (23.5% of
the sample) averaged 3.94 items correct on the interim exam but then 2.86 items
correct on the final exam, while Gainers (21.1% of the sample) had an opposite
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experience, averaging 2.51 items correct on the interim exam and then scoring 4.66
items correct on the final exam
For Course C (Table 10), the cluster with the largest number of students was
the Retainer group, with 42.4% of students. These students performed above average
on both iterations of the items, averaging 5.37 items correct (5.21 + 0.16) on the interim
exam and 5.75 items correct (5.21 + 0.54) on the final exam. The Falterers/No-Success
group had the fewest students comprising 28.3% of the sample. These students had
the lowest performance averaging 3.26 questions correct on the interim exams and 1.20
questions correct when revisiting the questions on the final exam. Gainers (29.3% of
the sample) averaged 3.07 items correct on the interim exam and then scoring 5.45
items correct on the final exam
For Course D (Table 11), the group with the largest number of students, not
counting the Retain All Six was the Retainer group, with 36.1% of students. These
students performed above average on both iterations of the items, averaging 5.11 items
correct (4.61 + 0.50) on the interim exam and 5.24 items correct (4.61 + 0.63) on the
final exam. The No-Success group had the fewest students comprising 10.3% of the
sample. These students had the lowest performance averaging 2.48 questions correct
on the interim exams and 2.38 questions correct when revisiting the questions on the
final exam. Falterers (17.3% of the sample) averaged 3.71 items correct on the interim
exam but then 3.17 items correct on the final exam, while Gainers (19.6% of the
sample) had an opposite experience, averaging 3.40 items correct on the interim exam
and then scoring 5.61 items correct on the final exam.
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For Course E (Table 12), the cluster with the largest number of students was
the Retainer group, with 31.3% of students. These students performed above average
on both iterations of the items, averaging 5.06 items correct (4.69 + 0.37) on the interim
exam and 5.38 items correct (4.69 + 0.69) on the final exam. The No-Success group
had the fewest students comprising 18.6% of the sample. These students had the
lowest performance averaging 2.07 questions correct on the interim exams and 1.65
questions correct when revisiting the questions on the final exam. Falterers (27.4% of
the sample) averaged 4.14 items correct on the interim exam but then 3.11 items
correct on the final exam, while Gainers (22.7% of the sample) had an opposite
experience, averaging 2.72 items correct on the interim exam and then scoring 4.74
items correct on the final exam
Across the other courses, retainers range from 28.3% to 52.9% (combining
retainers and retain all six) of the sample and are the largest group in each course
except Course C where gainers is the largest. The percent of retainers is larger among
the two courses that were considered on-sequence (41.6% and 52.9%) compared to the
off-sequence courses (40.1%, 28.3% and 31.3%). Overall, the methodology of
repeated questions and ensuing cluster analysis results indicate that students exhibit
distinct patterns in retention of concepts with one-quarter to one-half of students
exhibiting a high level of retention.

Knowledge Retention and Academic Performance
The importance of differentiating students based on their performance on
repeated questions hinges on whether this differentiation meaningfully relates to
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another metric of interest. To investigate the impact of the retention grouping on
academic performance, each cluster was compared based on the interim tests and final
exams. To remove the impact of the six questions that were used to identify the
clusters, each test score was calculated with these questions omitted. To compare
tests from across the semester each test score was standardized (e.g. difference from
the average divided by standard deviation). The average standardized score for each
of the clusters are shown in Table 13.

Table 13. Standardized Test Scores by Cluster for Course A
Group

Test 1

Test 2

Test 3

Final Exam

Retainers

0.645

0.570

0.632

0.786

Gainers

-0.044

-0.076

-0.080

0.085

Falterers

-0.180

-0.233

-0.275

-0.473

No-Success

-0.780

-1.000

-0.816

-1.087

Across the set of tests the Retainers group outperformed the other groups
and the No Success group underperformed. This relationship was also consistent
throughout Courses B through E, as shown in Tables 14-17.

Table 14. Standardized Test Scores by Cluster for Course B
Group

Test 1

Test 2

Test 3

Final Exam

Retainers

0.761

0.755

0.678

0.802
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Table 14 (Continued)
Gainers

-0.320

-0.306

-0.144

-0.205

Falterers

0.002

-0.208

-0.123

-0.298

No-Success

-0.821

-0.819

-1.005

-0.979

Table 15. Standardized Test Scores by Cluster for Course C
Group

Test 1

Test 2

Test 3

Final Exam

Retainers

0.751

0.912

0.761

0.951

Gainers

-0.057

-0.131

-0.127

-0.123

-0.348

-0.383

-0.468

-0.504

Falterers/NoSuccess

Table 16. Standardized Test Scores by Cluster for Course D
Group

Test 1

Test 2

Test 3

Final Exam

Retain All Six

0.981

0.900

0.985

1.039

Retainers

0.399

0.421

0.382

0.420

Gainers

-0.244

-0.169

-0.178

-0.044

Falterers

-0.464

-0.585

-0.613

-0.679

No-Success

-0.606

-1.006

-0.902

-1.040
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Table 17. Standardized Test Scores by Cluster for Course E
Group

Test 1

Test 2

Test 3

Final Exam

Retainers

0.800

0.869

0.808

0.917

Gainers

-0.186

-0.277

-0.115

-0.169

Falterers

0.004

0.029

-0.087

-0.127

No-Success

-0.555

-0.672

-0.720

-0.701

While the Gainers group outperforms the Falterers group in Table 13, this
difference is not consistent in Course B and Course E where Falterers had the higher
test score (Tables 14 and 17, respectively). One particular trend of note is that across
time from Test 1 through the Final Exam, the Gainers score increases relative to the
Falterers scores. For example, in Table 13, the difference between the Gainers and
Falterers score is 0.136 standard deviations at Test 1 but grows to 0.558 standard
deviations by the Final Exam. This trend holds even when the Gainers begin lower than
the Falterers. In Course B, the Gainers scored 0.322 standard deviations below the
Falterers on Test 1, but finish 0.093 standard deviations above on the Final Exam
(Table 14).
A MANOVA test indicated a statistically significant relationship among
clusters across the set of tests and final exam (Wilks Lambda = 0.452, p < 0.01, f2 =
0.35) matching the value for a large effect size (f2 = 0.35).(Cohen 1988) Courses B
through E were also statistically significant with effect sizes ranging from medium-large
to large (f2 from 0.23 to 0.34). Follow-up ANOVA tests found that the clusters were
different on each test and the final exam. Tukey post-hoc pairwise comparisons were
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performed to better characterize the nature of the significant differences and the results
are presented in Figure 2. The same analysis was performed for Courses B-E and their
visual representation are shown in Figures 3-6.

Figure 2. Pairwise comparison results for Course A. Separated ovals indicate
significant pairwise difference (R = Retainers; G = Gainers; F = Falterers; NS = No
Success)
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Figure 3. Pairwise comparison results for Course B. Separated ovals indicate
significant pairwise difference (R = Retainers; G = Gainers; F = Falterers; NS = No
Success)
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Figure 4. Pairwise comparison results for Course C. Separated ovals indicate
significant pairwise difference (R = Retainers; G = Gainers; F/NS = Falterers/NoSuccess)
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Figure 5. Pairwise comparison results for Course D. Separated ovals indicate
significant pairwise difference. (R6 = Retain All Six; R = Retainers; G = Gainers; F =
Falterers; NS = No Success)
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Figure 6. Pairwise comparison results for Course E. Separated ovals indicate
significant pairwise difference (R = Retainers; G = Gainers; F = Falterers; NS = No
Success)

Each different colored circle represents one of the four retention clusters;
separated circles represent significant differences on the pairwise comparison test and
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adjoining circles represent groups that were not significantly different. The results
support the descriptive interpretation that the Retainers group outperforms the
remaining groups and the No success groups underperforms the remaining groups.
Overall, the measure of knowledge retention through the metric of repeated questions
provided a clear relationship with academic performance in the course, matching the
expectation that retention would promote success and lack thereof would not. Followup ANOVA tests on Courses B through E reached the same conclusion. The relative
trend of the Gainer groups gaining relative to the Falterer groups is also evident in
Figure 2 although the pairwise comparisons are not designed to test relationships
across time.
To explore growth in academic performance during the course of the
semester a linear regression was performed using standardized scores from Test 1 to
predict final exam performance. The linear regressions resulted in an R2 of 0.482 and
the following equation (Course A):
FinalExam = 0.718 × Test1 – 0.004

For the other courses, the regression equations are:

Course B: FinalExam = 0.687 x Test1 – 0.019 (R2 = 0.663)
Course C: FinalExam = 0.674 x Test1 + 0.011 (R2 = 0.677)
Course D: FinalExam = 0.706 x Test1 + 0.009 (R2 = 0.706)
Course E: FinalExam = 0.694 x Test1 + 0.010 (R2 = 0.695)
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To determine the impact of retention clusters on growth, the standardized
residuals for each regression were calculated and averaged for each retention cluster.
Positive average residuals are interpreted as over performing on the final exam relative
to the predicted score from Test 1, seen as an indication of growth throughout the
semester. Negative average residuals indicate under-performing the prediction from
Test 1 and seen as falling behind the average growth in the course. The average
residuals for each group are shown in Table 18. The same analysis was done for
Courses B-E and are showcased in Tables 19-22.

Table 18. Average Regression Residuals by Cluster for Course A
Group

Standardized Residuals

Retainers

0.461 (0.805)

Gainers

0.171 (0.902)

Falterers

-0.479 (0.945)

No-Success

-0.736 (0.912)

Table 19. Average Regression Residuals by Cluster for Course B
Group

Standardized Residuals

Retainers

0.398 (0.900)

Gainers

0.045 (1.046)

Falterers

-0.373 (0.947)

No-Success

-0.528 (0.797)
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Table 20. Average Regression Residuals by Cluster for Course C
Group

Standardized Residuals

Retainers

0.591 (0.726)

Gainers

-0.131 (0.998)

Falterers/No-Success

-0.382 (0.978)

Table 21. Average Regression Residuals by Cluster for Course D
Group

Standardized Residuals

Retain All Six

0.489 (0.690)

Retainers

0.188 (0.883)

Gainers

0.172 (0.889)

Falterers

-0.523 (0.989)

No-Success

-0.901 (1.112)

Table 22. Average Regression Residuals by Cluster for Course E
Group

Standardized Residuals

Retainers

0.485 (0.946)

Gainers

-0.069 (1.006)

Falterers

-0.193 (0.931)

No-Success

-0.449 (0.845)

Descriptively, the Retainers and Gainers exhibit higher than average growth
from Test 1 to the Final Exam and the Falterers and No-Success exhibit a lower than
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average growth.

An ANOVA test on the residuals found significant differences for (F=

177.2; p < 0.01). Follow-up, Tukey pairwise comparison tests were performed and
found that each group is significantly different than the other groups. This result
provides support for the contention that Gainers improve over the course of a semester
relative to the Falterers. In Courses B through E the ANOVA tests on the residuals
were also significant. In the pairwise comparison the Gainers were significantly higher
than the Falterers for every course except Course E (Table 22). In summation, the
metric of retention is related to students’ observed academic growth through the
semester. In particular, Retainers exhibit the strongest growth through the semester
and those classified as Gainers exhibited better growth than Falterers and No Success
in four of the five courses.
One last thing to look at was whether or not peer-led team learning (PLTL)
had an effect on the number of students in each of the clusters. At this university, all
sections of General Chemistry I are taught using PLTL, whereas only certain sections of
General Chemistry II are taught using PLTL. For this analysis, we are selecting one
course (Course D), to analyze, as it is an on-sequence General Chemistry II course.
Table 23 showcases the breakdown between the different groups and whether or not
the sections were taught using PLTL or traditional lecture. The percentages represent
percent of students in the different pedagogy that were in that group.

38

Table 23. Analysis of Effect of PLTL on Distribution of Students in Groups
Number of Students (%)
Non-PLTL

PLTL

Total

Retain All Six

106 (14.1)

92 (20.6)

202

Retainers

254 (34.3)

181 (38.9)

435

Gainers

146 (19.7)

90 (19.4)

236

Falterers

143 (19.3)

66 (14.2)

209

No-Success

92 (12.4)

32 (6.9)

124

Total

741

465

1206

Group

When looking at Table 23, there is no real difference between the percentage
of non-PLTL students who were classified as Gainers than PLTL students. However,
there was a difference between the other groups. There was a higher percentage (20.6
vs. 14.1) of students who were in the Retain All Six group as well as the Retainers
group (38.9 vs. 34.3) when comparing the PLTL students to the non-PLTL students.
Conversely there was a lower percentage of students who were in the Falterers group
(14.2 vs. 19.3) and the No-Success group (6.9 vs. 12.4) when comparing the PLTL
students to the non-PLTL students. This shows that students in PLTL are more likely to
retain knowledge and students who are taught general chemistry using traditional
lecture are more likely to either falter on the content or not have success in retaining the
content.
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Discussion
In terms of methodology, the action of investigating repeated assessment
questions was able to provide insight into the retention of concepts among general
chemistry students. Further the incorporation of repeated questions was readily
incorporated into a conventional assessment scheme at a large research institution,
which facilitated collection of data across multiple courses and multiple semesters. The
use of multiple courses and semesters allowed an indication of the consistency of the
results presented, which supports a claim for generalizability of the results to general
chemistry students at comparable settings. The coding of item responses (see Figure
1) and use of cluster analysis facilitated a description of retention that measured the
extent students maintained success on the same set of questions which would not be
achieved by comparison of average scores. The resulting identification of Gainers and
Falterers would have been represented as an over-representation of retention if relying
on comparing average scores. Further, the observation of the relationship between
each group and academic performance throughout the course, matched expectations
and offers evidence for validity of the assigned clusters and the relevance of knowledge
retention in the setting.
One-quarter to one-half of students was classified as Retainers, varying
considerably based on whether a course is on-sequence or off-sequence. This can be
taken as a promising initial sign of retention but also shows considerable room for
improvement. It is worth considering the representation of Retainers in comparison to
Falterers, who also performed well on the interim exams but showed a lack of retention.
Falterers represented 17% to 27% of students (except Course C where a distinct
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Falterers group was not identified). The ratio of Retainers to Falterers are 2:1 (Course
A) and 3:1 (Course D) in the on-sequence courses and are 1.7:1 (Course B) and a
concerning 1:1 (Course E) in the off-sequence courses. Thus, among students who
scored well on the interim questions, 50% to 75% exhibited retention on the same items
on the final exam. This information can guide the extent prior knowledge is assumed in
subsequent courses. This result matches observations seen in a study exploring prior
knowledge of general chemistry content within a biochemistry course (Xu et al 2017). In
this study Xu, et al. found assumed prior knowledge of general chemistry concepts
lacking among entering biochemistry students and the inclusion of formative
assessment or explicit discussion of the general chemistry topics within the
biochemistry course offered gains on student understanding of general chemistry
concepts.
Characterizing students by retention could also inform instructional actions
designed to help particular groups of students. For example, instructors who observe
that No-Success represents a larger group of students than Falterers at a particular
setting may consider remediation designed to introduce the material, such as inquiry
activities, over exercises that seek primarily to reinforce what is already known. In
contrast, instructors who observe a large group of Falterers may benefit from practice
and assessments that more regularly emphasize past content. Exploring the
experiences of the Gainers may also offer insight to promoting student success.
Understanding why Gainers, after experiencing little success on these items during the
interim tests and subsequently receiving no direct instruction on the same topics, are
able to improve on the same topics on the final exam remains an open question of
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importance. Possible answers may be that these students: are more likely to exhibit
high quality study habits when preparing for the final exam, are particularly reflective or
metacognitive and are likely to reflect upon past mistakes; more meaningfully learn
foundational materials when presented with their applied context later in the semester;
or experience a growing motivation from the challenges presented in the course.
Further research exploring the differences among the student groups would offer a
more factual basis towards helping particular groups of students.
Finally, measuring content retention can also be an important consideration in
evaluating instructional or curricular reforms. Recent meta-analyses examined the
impact of evidence-based instructional practices in chemistry education (Apugliese and
Lewis 2017; Rahman and Lewis 2019). The meta-analyses compared the effect of
evidence based instructional practices (e.g. cooperative learning, peer-led team
learning) to traditional instruction and demarcated studies as using cumulative
assessments, measuring content from an entire term or semester, or single topic
assessments, covering a defined portion of content commonly occurring as in-term
exam. The analyses found a weighted mean effect size (measure of differences in
student performance that favor the evidence-based instructional practice) of studies
using single-topic assessment was substantially larger than studies using cumulative
assessments. One possible explanation for this observed difference is that evidencebased instructional practices primarily assist short-term learning but offer fewer gains in
promoting long-term retention. Evaluating instructional practices specifically on the
impact of knowledge retention would provide direct evidence to either support or refute
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this possible explanation. The methodology presented here for measuring retention
offers one mechanism to conduct such an evaluation.

Limitations
A primary limitation from this study is the reliance on multiple-choice
assessments to measure knowledge retention. Multiple-choice assessments are
susceptible to chance guessing and from students enacting unintended, incorrect
processes and yet arriving at a correct answer (Graulich 2015). The inclusion of six
multiple-choice assessment items to measure retention and the enactment across five
different courses serves to make it unlikely that these concerns have substantively
influenced the results observed but smaller deviations resulting from these possibilities
certainly remains. Another limitation is the varying length of time that retention is
measured where some questions were initially seen on the first interim exam
(approximately ten weeks preceding the final exam) and others questions were initially
seen on the third interim exam (approximately three weeks preceding the final exam). It
is unknown at this time whether the relative effect of time would influence the results
presented. Given that only two repeated items were administered on each interim exam
an investigation into the effect of time was not conducted owing to a concern of chance
guessing among two items.
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Conclusion
The methodology advanced in this study was readily adopted in a naturalistic
class setting and provided information on students’ knowledge retention beyond
comparing average scores. The methodology identified four distinct groups of
knowledge retention that was replicated in the majority of courses investigated and
provided more detail than past work of comparing overall averages. Evidence for the
relevance of retention to overall academic performance in the course was also found
across the courses investigated supporting the meaningful demarcation of the four
groups identified. Further, the relation of knowledge retention to overall academic
performance highlights the importance of assessing knowledge retention for faculty
teaching general chemistry. Such assessment will serve to guide instructional
innovations and indicate to students the importance of retention in the curriculum.
Future research is also warranted to better understand factors related to knowledge
retention and the role of instructional pedagogy in promoting knowledge retention.
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CHAPTER THREE:
AN ANALYSIS OF STUDENTS’ RESPONSES TO PROMPTS RELATED TO
STRUCTURE AND PROPERTIES OF COMPOUNDS

Introduction
One of the limitations of the previous set of data that was analyzed was the
over-reliance on multiple-choice questions as a measure of retention. One of the
weaknesses of multiple-choice questions is that they lack the ability to showcase the
student’s response process, or the way the student goes about solving the problem.
The data that will be analyzed in this chapter are open-ended prompts where students
write down as much information as they can while answering the prompt given. These
types of open-ended prompts give students an opportunity to spontaneously display
what information they know about a certain concept or topic. If the same prompt is
given over a certain amount of time, some type of retention could be analyzed by
comparing how the students’ responses to the prompts differ or stay consistent during
that time.
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Methods

Research Setting and Sample
The research setting was the same as in the previous study, so the same
parameters about General Chemistry I and General Chemistry II are still the same as
was described in the research setting part for Chapter Two. With this data set, the
focus was on students who completed General Chemistry II and peer leaders for
General Chemistry II. The assessment that was given to the students were given at the
end of the semester where the students completed General Chemistry II. When
reaching out to students to partake in this interview, all students enrolled in General
Chemistry II were asked to participate in this study. The goal was to get 45 students in
total to participate, with an even split between the three potential groups of students,
General Chemistry II students who were taught using traditional lecture, General
Chemistry II students who were taught using peer-led team learning (PLTL) and peer
leaders who helped facilitate the peer-led team learning sessions for the General
Chemistry II class. The students were selected on a first-come first-serve basis to
participate in the study, with still trying to keep the even split between the three groups.
There were waitlists formed for the peer leaders and the students who were taught
General Chemistry II using PLTL, as there were more than 15 people who responded to
the email. A total of 45 students participated in this study, with the breakdown being 15
students who were taught General Chemistry II using PLTL, 14 students who were
taught General Chemistry II using traditional lecture and 16 peer leaders. After
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completion of the assessment, these students were then told that they would be asked
to come back two more times in the future, once at the end of the Fall 2019 semester,
and once after the Spring 2020 semester. The initial assessment took place at the end
of the Spring 2019 semester. Out of the 45 students who participated in the first round
of the assessment, 31 students returned for the second round of assessment, with the
breakdown being 10 students who were taught General Chemistry II using PLTL, eight
students who were taught General Chemistry II using traditional lecture and 13 peer
leaders. These students were given the same assessment that they had completed at
the end of the Spring 2019 semester.

Description of Assessment
The assessment that was given to the participants was divided into two parts.
The first part was a series of questions that were asking background information on the
participants, such as contact information and what chemistry class they were currently
enrolled in. The only page that changed between the Spring 2019 and Fall 2019 times
was the first page. On the Spring 2019 assessment students were asked about their
outside resource use with a Likert-scale response for how often they visited the
professor’s office hours, how often they formed study groups, and other questions along
a similar nature. On the Fall 2019 assessment, the participants were asked what
science courses they had taken during either the Summer 2019 or Fall 2019 semester.
The next question asked the students to describe was they thought the three main
lessons that were emphasized or important in general chemistry. This question was
asked to get an insight into the topics that students believed were important or were
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emphasized more than others throughout the course. Those two questions concluded
the first part of the assessment. The second part of the assessment delved into
chemistry-specific questions. The first question was asking what a mole meant to the
student and how important is a mole to the instructors. Students were asked how
helpful knowing a Lewis structure is and what information can be determined from a
Lewis structure of a molecule. This prompt is very similar to the prompt that Cooper et.
al used to develop an instrument to measure whether students can connect the
structure of a molecule to its properties, an instrument they called the implicit
information from Lewis structures instrument (IILSI) (2012). Then there were two open
response questions relating to compounds and what information could be derived from
a molecule given it’s chemical formula, a periodic table and the electronegativity values
of the elements in the molecule. The first of the two questions had to deal with a
covalent compound, in this case silicon dichloride. The second of the two questions
dealt with an ionic compound, in this case calcium chloride. The final set of questions
were a series of true/false questions that are designed to test a student’s ability to link
different concepts (Ye 2015). On top of stating whether the statement was true or false,
the student also was asked to provide a reason for selecting false and rated their
confidence on their answer on a scale of not at all confident to very confident. The
topics for these true/false questions ranged from acid and base concepts, chemical
equilibrium, buffer solutions, intermolecular forces, bonding, thermochemistry and
reactions. The three questions that will be focused on in this analysis is the question
about the three main topics taught in general chemistry and the two questions asking
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students to state all information that could be determined for the covalent compound
and the ionic compound.

Data Analysis
The analysis for the questions varied depending on the type of question being
analyzed. For the question that dealt with the three important topics, the responses
were tallied and then grouped by topic. The total tally counts were examined for both
time frames separately, and then they were compared for similarities between the two
time frames. Then the total tallies were compared to determine if there were any topics
in particular that students seemed to think were important across both time frames. The
tallies were then broken down into the three different groups (PLTL students, non-PLTL
students and peer leaders) to determine if one specific group valued certain topics over
others and how those topics either changed or remained the same when asked the
same questions six months later. For the other two questions, the students responses
were coded using a coding scheme developed by Moreira et. al. In this coding scheme,
they used a mechanistic framework to describe students’ reasoning into five different
categories: entities, properties, activities, organization and representation, with the
rationale that as the student goes from describing entities of a system to describing the
organization of a system, the students’ reasoning is more mechanistic (Moreira 2019).
For this, study, the codes of entities and properties will be focused on because with the
nature of the prompts, students would respond with statements that were either entities
of the system or properties of the entities, they were not prompted to think about

49

activities that the compounds might undergo. A description of the codes, with
definitions and examples from students’ responses are can be located in Table 24.

Table 24. Description of Coding Scheme Used in Analysis
Code

Definition

Example

Discussing the material

“They are two nonmetals”

components of the system

– Student 2

Entities (E)
“CaCl2 is an ionic
molecule, electrons are not
These are characteristics of

shared, since the molecule

the entities

consists of a metal-non-

Properties (P)
metal interaction.” –
Student 2

The students’ responses to the covalent compound question were coded by
the author and another graduate student in order to become familiarized with the coding
scheme. At first, ten students were coded by each person and then any discrepancies
were discussed. The discrepancies were discussed until an agreement was come to by
which that response was coded to one of the four codes. After that ten students were
coded and the discrepancies were addressed, the rest of the students were coded by
the two researchers and discrepancies were addressed in the same fashion when
coding the first ten students. Then the primary researcher coded the second question
using the same coding scheme. The frequencies of the codes were tallied for each of
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the students and the students were grouped into the three groups mentioned earlier
(PLTL students, non-PLTL students and peer leaders). The frequencies were analyzed
for any similarities or differences between the groups to see if type of instruction or
being a peer leader had an impact on how students connect property and structure.
Then the same coding scheme was applied to the students when they returned at the
end of Fall 2019. Each student’s responses for Spring 2019 and November 2019 were
analyzed to find the frequency that students wrote down the same information again,
making a denotation whether it’s a correct statement or an incorrect statement on both
assessments, and also looking at students who had a wrong statement on the Spring
2019 assessment and then a correct statement for the same concept on the May 2019
assessment and vice versa. This was performed for all students who returned and then
the frequencies for each of the different parameters as well as what the codes were for
the responses that fit into the parameters. Then the students were once again put into
these groups and analyzed for any similarities and differences between the groups to
see if type of instruction had an impact on retention of knowledge, or if being a peer
leader had an impact on a student’s ability to retain certain knowledge about
compounds and what information can be derived from the compounds.

Results and Discussion

Important Topics Question
For the analysis of the Spring 2019 assessment item, forty-five students’
response to the assessment item were analyzed. When analyzing the Spring 2019
51

question that is related to the important topics that is covered in general chemistry,
several unique topics emerged from the data set. Originally there were about forty
different topics that were deemed one of the three most important topic in general
chemistry, whether the instructors emphasized it more than others or the students
themselves thought that the general chemistry courses that they had taken. After the
initial set of topics was established, consolidation of the topics occurred to pair up
similar topics. For instance, enthalpy, entropy, Gibbs free energy and spontaneity were
consolidated under the broader topic of thermodynamics. Table 25 represents the
topics that were identified by students as well as the frequencies at which those topics
were mentioned. The blacked-out boxes represent topics that had zero students
identify it as one of the three most important topics.

Table 25. Frequency of Topics Selected by Students on Spring 2019 Assessment
Topic

Total

PLTL

Non-PLTL

Peer Leader

Acids/Bases

17

7

5

4

Bonding

12

3

3

6

Buffers

8

1

6

1

Dimensional
2

2

Analysis
Electrochemistry

9

2

Energy

1

1

4

52

3

Table 25 (Continued)
Equilibrium

17

6

6

5

ICE Tables

3

1

1

1

Ideal Gas Law

1

1

Inter/Intramolecular
5

2

1

2

3

1

1

1

3

1

1

1

1

2

Forces
Kinetics
Le Chatelier’s
Principle
Lewis Structures

3

Moles

1

1

1

1

Molecular Orbital
Theory
Periodic Trends

7

2

2

3

pH

7

1

5

1

Phases

1

Polarity

1

Properties

4

1

Rate Laws

6

2

2

Reactions

5

1

4

1
1
3

53

2

Table 25 (Continued)
Redox Reactions

5

1

4

Salts

1

Shape

11

Solving Equations

2

Stoichiometry

15

4

Structure

4

3

Thermodynamics

15

3

6

Titrations

2

1

1

Valence Electrons

1

1
2

9
1

1

5

6
1
6

1

There were six topics that were mentioned by students over ten times as
being one of the three most important topics covered in general chemistry: acids/bases,
bonding, equilibrium, shape, stoichiometry and thermodynamics. Half of these topics
(acids/bases, equilibrium and thermodynamics) are taught in General Chemistry II and
the other half (shape, stoichiometry and bonding) are topics that are covered in General
Chemistry I, so a split between the two courses is good to see because it shows that
there are topics taught in General Chemistry I that students continue to think are
important through General Chemistry II. Stoichiometry is also the topic out of the six
that had the most consistent mentions between the three different groups of students,
with four PLTL students mentioning it, five non-PLTL students mentioning it and 6 peer
leaders mentioning it. With stoichiometry being considered one of the more difficult
topics to learn for students in general chemistry, especially if they have a lower math
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aptitude score (Ralph 2018), it is nice to see that students and peer leaders alike both
see the importance of the topic. The other two topics that were General Chemistry I
topics but still had over ten students put down the topic as one of the most important
topics learned in general chemistry were bonding and shape. These two topics also
saw most of their responses come from peer leaders saying it is important (50% for
bonding and 82% for shape). A possible explanation for this is that the peer leaders
who are being peer leaders for General Chemistry I see the importance of shape and
bonding in General Chemistry II, so the peer leaders realize that the topic needs to be
emphasized more in General Chemistry I because of the importance those topics play
in topics learned in General Chemistry II. The General Chemistry II topics that had over
ten students identify those topics as being important had a much more even split than
the General Chemistry I topics, suggesting that the freshness in the students’ minds
might play a role in these General Chemistry II topics being selected as most important
by the students. Thermochemistry, acids/bases and electrochemistry are the last three
topics taught in the General Chemistry II course, and two of those topics were identified
by more than ten students as one of the most important topics in general chemistry and
electrochemistry was identified by nine students as one of the most important topics, so
recency could very play a part in the selection of the topics from General Chemistry II.
The next step in this analysis was to see if there was any retention of these
topics that students deemed were some of the most important topics. Were there any
topics that students overwhelmingly selected during the Spring 2019 assessment and
the Fall 2019 assessment? Were there topics that students no longer deemed
important during the Fall 2019 assessment, or vice versa, were there topics that
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students deemed important that they didn’t deem important during the Spring 2019
assessment. For this analysis, thirty-one students’ responses to the Fall 2019
assessment item were subsequently analyzed with the above questions in mind. As
with the Fall 2019 data set, there were topics that were consolidated into broader topics,
but there were also more topics that were unique in the Fall 2019 assessment
responses than in the Spring 2019 assessment items. This could be because the
additional chemistry courses besides general chemistry has an influence on what topics
they would have deemed important. Table 26 shows the frequencies of the topics to be
reported as important by the students and peer leaders participating in the Fall 2019
assessment. The blacked-out boxes represent instances were there were zero
students who selected that topic as one of the most important topics learned in general
chemistry.

Table 26. Frequency of Topics Selected by Students on Fall 2019 Assessment

Topic

May

Nov.

May

Nov.

2019

2019

2019

2019

Total Total PLTL PLTL
Acids/Bases

11

Anions
Atoms/Molecules

11

8

1

1

Bonding

11

3

Buffers

3

2

equations

2

Nov.

May

Nov.

2019

2019

2019

2019

non-

non-

Peer

Peer

PLTL PLTL Leader Leader
2

1
2

Balancing

8

May

4

3

5

1
6

2

2

1
2

3

3
3
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1
6
2

Table 26 (Continued)
Calorimetry

1

1

Cations

1

1

Chemical
Reactions
Dimensional
Analysis
Electrochemistry

3

2

2

1

7

2

Electron

2

Energy

1
2
1

11

11

1
5

3

1

1

Formulas

1

1

1

Hybridization

2

1

1

ICE tables

1

1

1

5

1

2

Forces
Isotopes
Kinetics
Le Chatelier’s
Principle
Lewis structures

4

1

2

1

1

4

2

1

1

1

1

1

1

1

1

1

1
2

Periodic trends

6

7

1

3

1

pH

5

3

1

2

3

1

2

Changes

2
1

1

2

6

2

1

2

Naming

2

1

2

1

2

1

1

Moles/Molarity

Phase/Phase

3

1

Formal charge

Intra/Intermolecular

1

1

configuration

Equilibrium

2

1
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1

2

4

3

1

1

Table 26 (Continued)
Polarity

2

Properties

4

Quantum

2
4

2

2

2

2

1

Chemistry
Reactivity

1

1

1

Redox reactions

3

3

1

Shape

8

6

1

Solubility

1

2

2

1
1

8

5

1

Solutions

1

Spontaneity

3

1
1

Stoichiometry

12

15

5

5

Structure

3

5

3

2

Thermodynamics

10

23

1

3

VSEPR

2

1

3
2

4

5

4
3

6

6
1

6

14

2

1

Once again, when analyzing this set of data, topics that have at least ten
students identifying them as important topics are seen as the most important topics, as
that account for at least a third of the students who took both the Spring 2019 and the
Fall 2019 assessment. There are five topics when looking at this data set of thirty-one
students as compared to six topics when looking at the overall data set. The topic that
does not make the ten-student threshold for this data set is shape, which only has eight
students identifying it as an important topic to learn in general chemistry. Stoichiometry
is the only General Chemistry I topic to have at least ten students identify it as an
important topic from both the Spring 2019 (twelve students) to Fall 2019 (fifteen
students). This lends a little more support to the importance of stoichiometry as a
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concept and that students also see it as an important concept to understand going
forward in their chemistry curriculum since it was the only General Chemistry I topic to
have more than a third of the students identify that it was important on both
assessments. There were two topics that had more students identify it as important on
the Fall 2019 assessment than the Spring 2019 assessment: Atoms/Molecules (two
statements to eight statements) and thermodynamics (ten statements to 26 statements).
The increase could be due to several factors, one being the courses that the students
were now taking. For instance, many of the peer leaders could be taking physical
chemistry at that point in time, which has a heavy focus on thermodynamics, and since
the peer leaders had the largest increase between Spring 2019 to Fall 2019 (six to 16) it
could be postulated that the courses of the students has an impact on what they identify
as important. For the other topic, atoms/molecules, the students taking organic
chemistry might be a reason why this topic had an increase in the number of students
who identified the topic as important in general chemistry. There were also three topics
that had drop-offs between Spring 2019 and Fall 2019 assessments: bonding (13 to
four), electrochemistry (seven to zero) and inter/intramolecular forces (five to one). The
electrochemistry drop-off from seven to zero bring ups the recency possibility that was
postulated in the previous paragraph. Electrochemistry is the last topic that is taught in
General Chemistry II and the Spring 2019 assessment was taken within a week of the
final exam being given in that class, so electrochemistry is the subject that is at the
forefront of many students’ mind because it is the last topic that they were taught. This
could explain why when the same students were given the same prompt six months
later at the end of the Fall 2019 semester, not a single student identified
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electrochemistry as an important topic. One of the potential reasons is that
electrochemistry is not a topic that is used very often past general chemistry, so for the
students who have returned, if they have not dealt with electrochemistry in their Fall
2019 chemistry classes, then that topic would not be in the mind as being an important
topic, because the way the students see it, if they don’t encounter that topic again then
it wasn’t as important as they originally thought. It is curious that bonding and
inter/intramolecular forces also see a drop-off, even though it is slight and much less of
a drop-off than electrochemistry. Bonding and inter/intramolecular forces are used
heavily throughout organic chemistry, so it is interesting to see that more students have
not identified those topics as being important. An explanation for why this might occur
is that there is another topic that supplanted bonding or inter/intramolecular forces as
being important. Students are only asked to provide three topics that they have
identified as important to learn in general chemistry. Students could have identified
other topics from their current course that they felt were more important than bonding or
inter/intramolecular forces and therefore it could potentially have less mentions than the
Spring 2019 assessment.

Free-Response Question Regarding Covalent Compound
The free response question allows the students to think about the problem
and come up with different statements about the compound in question without any
constraints. This type of question allows for spontaneous answers without
unintentionally prompting a student to answer in a certain fashion. Before any type of
retention of knowledge analysis is looked at for this question, a simple breakdown of the
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coding frequencies for the question can be examined first to see if there are any
differences or similarities between the three groups. Table 26 displays how the coding
scheme was applied to the data set. Table 27 represents the whole data set (43
students) as retention has not been looked at so only students’ statements from the
Spring 2019 assessment are being looked at in this table. Table 27 shows the total
number of statements that were coded as each of the four codes that was discussed
earlier: Entity, Property, Activity and Organization. When the statements were coded,
only correct statements were coded using the coding scheme developed by Moreira et.
al (2019). A code for whether or not the statement was incorrect was added as well
because the number of incorrect statements would be an interesting category to look at.

Table 27. Coding Frequencies for Covalent Compound Free-Response Question
Total

Avg.
Avg.

Code

Total

Non-

Average PLTL

Avg.
Peer

NonPLTL

PLTL

(Avg.)

Peer
Leader

PLTL

Leader

Entity

128

2.91

36

2.77

49

3.27

43

2.69

Property

90

2.05

18

1.38

17

1.13

55

3.44

Incorrect

54

1.23

23

1.77

21

1.40

10

0.63

Looking at the code frequencies, most of the statements that students are
making are either at the entity or property level, which tends to be on the lower end of
complex thinking. Recalling the coding scheme and the definition of the codes, entity is
a material component of the system and property is defined as a characteristic of the
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entity. An example of this is when some students claimed the type of bonds based on
the difference in electronegativity between the two elements. A statement like that, if
correct, would be coded as property because the type of bond is a characteristic of the
difference in electronegativity, with electronegativity being coded as an entity of the
system.
Overall, students average around three statements that were coded as entity,
two statements that were coded as property and they would have about one incorrect
statement in their answer for the question. When looking at the different groups and the
similarities and/or differences between the groups, there were some noticeable
differences between the groups. The students who were taught General Chemistry II
using PLTL performed about the same as the average student, except in regard to the
average number of statements coded as property. The real differences came with the
other two groups: the students who were taught General Chemistry II using a traditional
lecture and peer leaders. The non-PLTL students wrote statements that were coded as
entity. On average, non-PLTL students had more statements coded as entity than the
overall average of the dataset and the other two groups and had, on average, one less
statement coded as property than the overall average. The takeaway from this would
be that non-PLTL students did not actively think about what could happen with the
compound when placed in different mediums and what characteristics could be used to
describe some of the entities that the students discussed. The students seemed to
make statements about things that did not require that extra level of thought to get to
the property level.

The peer leaders, on average, had half as many incorrect

statements compared to the other two groups and compared to the overall average of
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the dataset as well. The peer leaders, on average, had one more statement that was
coded as property than the other groups and the overall average. A majority (61%) of
the statements that were coded as property were made by peer leaders and three out of
four (75%) of the statements coded as activity were made by peer leaders. So, from
Table 11, it seems that peer leaders tend to look at a system and develop statements
about the system that require a more complex way of thinking about the system.
Whereas, students who are taught General Chemistry II using a traditional lecture, tend
not to use the complex thinking and stick to statements about the entities, whether it’s
the number of valence electrons for each of the elements or the molecular weight of the
compound, there is less of a chance that the non-PLTL students will try to look for
properties of the entities and comment on those. Students who were taught General
Chemistry II using PLTL tend to perform about average, with the rest of the dataset, but
it does mean that they are actively looking at entities and properties when looking at a
system.
The retention of these statements was then analyzed. Each student who
returned to complete the assessment at the end of the Fall 2019 semester (31 students)
completed the same assessment items that they completed at the end of the Spring
2019 semester. The statements were coded using the same coding scheme that the
Spring 2019 semester assessments were coded with. Then each student’s Spring 2019
statements were compared to their Fall 2019 statements and the following parameters
were looked at: number of correct statements retained, codes of the retained
statements, total number of correct statements in the Spring 2019 assessment, number
of incorrect statements retained, total number of incorrect statements in the Spring 2019
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assessment, the number of correct statements added in the Fall 2019 assessment, the
codes of those statements, the number of correct statements on the Spring 2019
assessment that were then incorrect on the Fall 2019 assessment and the number of
incorrect statements on the Spring 2019 assessment that were then correct on the Fall
2019 assessment. Table 28 showcases the different parameters that were looked at
when analyzing the two different assessments.

Table 28. Analysis of the Spring 2019 and Fall 2019 Covalent Compound Question
PLTL

PLTL

Non-PLTL

Non-PLTL

Number

Codes

Number

Codes

Peer

Peer

Leader

Leader

Number

Codes

# of correct

20 E
12 E

statements

15

12 E
14

3 P

48
2P

retained
Total # of
correct

46

29

86

3

1

3

19

7

7

statements
# of
incorrect
statements
retained

Total # of
incorrect
statements
64

28 P

Table 28 (Continued)
# of
correct

13 E
31

statements

5E
14

8E
30

18 P

9P

22 P

added
# of
correct
statements
in Spring

2

1

5

2

3

1

2019 then
incorrect
Fall 2019
# of
incorrect
statements
in Spring
2019 then
correct
Fall 2019

The data does show some interesting developments when analyzing the
retention of knowledge between the end of the Spring 2019 semester and the end of the
Fall 2019 semester. When comparing the students who were taught General Chemistry
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II using PLTL and taught General Chemistry II using traditional lecture, the number of
correct statements retained is pretty similar, the main difference between the two
groups of students is when the number of correct statements added is looked at
because the PLTL students added over twice as many correct statements on their Fall
2019 assessment than the non-PLTL students. Participating in peer leading while
learning general chemistry could prove beneficial with the retention of knowledge, that
even though the students did not include these statements on the original assessment
at the end of the Spring 2019 semester, they were still able to retain enough knowledge
that when the assessment was given to them again, they were able to recall the
information they had learned in general chemistry and give statements that were usually
coded as either entity or property. Peer leaders outperformed both PLTL students and
non-PLTL students. They retained the highest number of correct statements (50
compared to 15 and 14), they also added the highest number of correct statements on
the Fall 2019 assessment (33 compared to 31 and 15). From Table 12, it is clear that
being a peer leader does help students retain the knowledge better than just being a
student learning the material. Having to facilitate group work and help students along
the path to the correct solution while they are in groups and working together facilitates
the peer leaders to understand the material better than the students who they are
helping.
An interesting note to make is the amount of incorrect statements that are
retained and what those statements were as it gives some insight into information that
students are either learning incorrectly, or their retention of this knowledge is warped in
some way. One of the most common incorrect statements that students made on both
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assessments was the Lewis structure, which for this instance, the students drew the
incorrect Lewis structure. Out of the 31 students who completed both assessments, two
PLTL students and one non-PLTL student drew the incorrect Lewis structure both times.
None of the peer leaders drew the incorrect Lewis structure on both assessments. The
other incorrect statements that were repeated both times were the shape of the
molecule (two peer leaders), the indication that the bond was non-polar (one peer
leader), the nomenclature of the compound (one PLTL student), stating that the
compound was organic (one PLTL student) and the non-polar nature of the compound
itself (one non-PLTL student). Some of the subsequent statements stem from
knowledge from the Lewis structure, so the main topic for this question that students
seem to have a difficulty retaining information on is the Lewis structure and information
that can be derived from a Lewis structure.

Free Response Question Regarding Ionic Compound
The second free response question that the students were given had to deal
with an ionic compound. The statements were first coded to determine whether the
statement was correct or incorrect. The correct statements were then coded using the
same coding scheme the previous question. Table 29 showcases the frequencies for
the codes with which the students’ statements were coded.
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Table 29. Coding Frequencies for Ionic Compound Free-Response Question
Total

Avg.
Avg.

Code

Total

Non-

Average PLTL

Avg.
Peer

NonPLTL

PLTL

(Avg.)

Peer
Leader

PLTL

Leader

Entity

101

2.30

31

2.38

39

2.60

31

1.94

Property

33

0.75

9

0.69

5

0.33

19

1.19

Incorrect

95

2.16

29

2.23

30

2.00

36

2.25

There were much more differences between the groups for this question than
the other question. The fact that the compound in question was an ionic compound
gave a lot of students a hard time in crafting their statements. That is one of the
reasons why the number of incorrect statements is so much higher for this question
than for the previous question (95 for this question, 54 for the previous question). On
average, students provided about two statements that were coded as entity and about
one statement that was coded as property. The students, on average, provided two
incorrect statements as well, which is more than twice the previous question. The PLTL
students and the non-PLTL students provided very similar answers with their total
number of statements for each code and their averages being relatively close to each
other. The peer leaders, on the other hand, is where there were some differences
between the groups. The most incorrect answer that students provided, whether they
were a PLTL student, a non-PLTL student and even some peer leaders was their
attempt to draw a Lewis structure for the compound, but a Lewis structure drawn as if
the compound was a covalent compound. Many students recognized that this
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compound was not covalent, but still ended up attempting to draw a Lewis structure in
the way a student would draw a Lewis structure for a covalent compound. Whether that
is because the student thought that is what a Lewis structure for an ionic compound is
like, or there was some unintentional prompting from the previous two questions, cannot
be ascertained.

The peer leaders were the only group of students who had

participants state that this ionic compound would be situated in a lattice formation and
that they drew the compound as ions as well.

The ability to differentiate between an

ionic compound and a covalent compound is important because ionic compounds and
covalent compounds have very different properties and their intermolecular forces can
be very different, so to understand the difference between them and to recognize that
an ionic compound will exist in a lattice formation is promising, and to know that the
students who understand the difference are the students who are overseeing their PLTL
sessions helps the students in these PLTL sessions understand the differences as well.
One possible reason this shows up with the peer leaders and not with the PLTL
students is the need for the peer leader to facilitate the discussions and potentially
teach the content, so the peer leaders would have to have a better understanding of the
material than the students.
The next step in analyzing the dataset would be to analyze the retention of
knowledge for this group of students by analyzing what statements they wrote down on
their assessment when they took it at the end of the Spring 2019 semester and then six
months later when they took it at the end of the Fall 2019 semester. The same
parameters were analyzed for this question as was for the previous question. Table 30
showcases the different parameters that were analyzed for this dataset. This table
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represents the parameters for the 31 students who agreed to return and participate in
the follow-up assessment to the original assessment that was given at the end of the
Spring 2019 semester.

Table 30. Analysis of the Spring 2019 and Fall 2019 Assessments Covalent Compound
Question

PLTL

PLTL

Number

Codes

Non-

Non-

Peer

Peer

PLTL

PLTL

Leader

Leader

Number

Codes

Number

Codes

# of
6E
correct

10 E
17

statements

6

6E

13

7P

retained
Total # of

38

20

51

9

8

17

26

14

31

correct
statements
# of
incorrect
statements
retained
Total # of
incorrect
statements
70

7P

Table 30 (Continued)
# of
9E

11 E

correct

13 E
15

6P

19

23

statements

11 P

6P

added
# of
correct
statements
in Spring

0

0

3

3

0

3

2019 then
incorrect
Fall 2019
# of
incorrect
statements
in Spring
2019 then
correct
Fall 2019

When looking at the data for this question, the confusion between trying to
differentiate between a covalent compound and an ionic compound is apparent by the
types of statements that are retained from the end of the Spring 2019 semester to the
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end of the Fall 2019 semester. The non-PLTL students seem to have a lower response
to all the parameters that were looked at for this data set. They had the lowest number
of correct answers retained, and had about the same number of correct statements
added as the PLTL students. However, the codes for these additions and the codes for
the correct statements that were retained are much different from the other two groups.
For the statements that were retained from the Spring 2019 assessment, the non-PLTL
students only retained statements that were coded as entity, so the least complex
thinking that was necessary for these statements. The PLTL students, on the other
hand, had both statements that were coded as entity and property, showing that they
still remembered some of the properties that these compounds had or properties that
could be determined for certain entities of the system. So learning General Chemistry II
using PLTL might be a way for students to be able to retain knowledge and be able to
connect to other topics or other concepts at a more meaningful level, because they are
able to show how these properties connect to the entities in this system.
When looking at the correct statements that were added in, there is a
difference between the students who learned General Chemistry II without PLTL and
those who learned General Chemistry II using PLTL and peer leaders facilitating those
PLTL sessions for the General Chemistry II students. . The peer leaders showcased
the greatest amount of retention of knowledge, with them retaining the most correct
statements from the Spring 2019 semester. . Another thing that showed the peer
leaders ability to retain the knowledge about how these compounds behave in different
environments is that two of the peer leaders drew a Lewis structure for the ionic
compound as if it was a covalent on the Spring 2019 assessment, but when it came
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time for the Fall 2019 assessment, they drew the compound as a collection of ions,
showcasing that there is no sharing of electrons with an ionic compound, just the
transfer of electrons.
Another thing to look at is the nature of the incorrect statements that were
retained. There were many more incorrect statements that were retained between the
two assessments compared to the covalent compound question, partially due to the
increased number of incorrect statements. The most common statement that was
incorrect was that students attempted to draw a Lewis structure for an ionic compound,
and that incorrect Lewis structure or the idea that a Lewis structure could be drawn for
an ionic compound was retained across all three groups, with six peer leaders, six PLTL
students and seven non-PLTL students drawing Lewis structures on both assessments.
Many of the other retained incorrect statements derived from information that can be
determined from a Lewis structure, such as hybridization (one peer leader), types of
bonds (two peer leaders), bond angle (one peer leader, formal charge (one peer
leader), and the geometry (one peer leader and one PLTL student). Other retained
incorrect statements involved the polarity of the compound (three peer leaders and two
non-PLTL students), partial charges (one peer leader), stating that chlorine is organic
(one PLTL student) and the intermolecular forces involved in the compound (one nonPLTL student). The topic of Lewis structures and the information that can be
determined from them seems to be one of the major lapses in knowledge retention that
students from all three groups experience.
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Conclusion
A couple of conclusions can be inferred from the analysis of the dataset. The
first deals with the topics that students identify as important and how those ideas of
importance can change depending on what the student is learning in their chemistry
class. Some things, however, stay important to a person no matter what they end up
learning in their chemistry class. One of the big conclusions is that out of all the
General Chemistry I concepts that students could remember or identify as important for
their future success in chemistry, it is stoichiometry that the students picked the most.
There were others that were selected often after the Spring 2019 assessment, but when
the second assessment taken six months later is taken into account, stoichiometry is
still the topic that the students found to be one of the big ideas, even after a semester of
General Chemistry II and any other chemistry courses they might have taken. Other
topics, however, are important depending on how recent the topic was learned. Two
examples of those that showed up in the analysis was electrochemistry and
thermodynamics, in different ways. Both electrochemistry and thermodynamics were
selected as big ideas in chemistry by at least ten people after the assessment at the
end of the Spring 2019 semester. However, at the end of the Fall 2019 semester, not a
single participant selected electrochemistry as one of the big ideas. One of the reasons
this discrepancy might have occurred was because electrochemistry was the last topic
covered in General Chemistry II and all the students who participated in the study had
just completed General Chemistry II, except the peer leaders, so the content might have
been fresh in their mind, so they might have said that electrochemistry was a big idea.
Then, when the Fall 2019 semester assessment was taken, there was enough distance
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between the end of General Chemistry II and the assessment that they were able to
reassess what they thought was a big idea in general chemistry and realized that
electrochemistry wasn’t that big of an idea. Thermodynamics was the exact opposite of
electrochemistry, where it saw a large spike in the amount of student that selected
thermodynamics or some form of thermodynamics, whether it was entropy, enthalpy or
Gibbs free energy, as a big idea, with almost all of the returning peer leaders stating
thermodynamics. This could potentially be because of a course that they were taking.
If these peer leaders were enrolled in physical chemistry, then it would explain the rise
because thermodynamics is heavily used in physical chemistry.
Another conclusion that could be made was when analyzing the free
response and how participating in PLTL, whether it is was a student or was a peer
leader, has a positive impact on the ability to retain information regarding compounds
and the information that can be attained from these compounds. Both PLTL students
and peer leaders were able to display a retention of knowledge and the ability to not
only retain information about the entities of a system, such as a compounds valence
electrons or molar mass, but also able to retain knowledge about the reactivity of a
compound, whether or not it will dissociate in water and being able to reason through
explanations for compounds to come up with a more meaningful interpretation of
information that can be derived from compounds.

Implications
This analysis could have impacts on teaching styles and teaching
pedagogies. The important topics can inform teachers on what students think are
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important topics to be learning in chemistry. The instructors would see what topics
students think are the important topics and instructors can compare that to what they
think the important topics should be in general chemistry. Then, they could potentially
alter how they teach to make sure they emphasize the topics the instructors think are
important. Conversely, if they see that students think certain topics are important, they
can attune their curriculum to make students understand the topics better because even
if the students think it is important, it doesn’t mean that they full understand what is
being taught for that topic. The instructors can also see what topics the students
believe are important months after they have finished general chemistry. For instance,
stoichiometry was still believed to be important to the students months after the
students had completed the class, so the instructor can either emphasize the
importance of stoichiometry or make sure they understand the topic better while it is
being taught. They can also see that some topics are important immediately after they
are learned, but months after the students had completed the class, the students do not
believe the topics are important anymore. The biggest example from this data set was
electrochemistry. Students believed it was an important topic on the assessment given
at the end of General Chemistry II, which electrochemistry happens to be the last topic
given in that course. However, when asked the same question six months later, not a
single student or peer leader put electrochemistry as an important topic. The teachers
should still teach the topic, but they may realize that they do not need to spend an
exorbitant amount of time on the topic, especially when students believe there are other
topics that are more important.
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The second part of the assessments that were analyzed looked at what
information can be derived from a chemical compound and if there was any retention of
knowledge for information that can be derived from a chemical compound. The results
from this analysis could be beneficial to both researchers and instructors. The results
show that most of the statements that were made about both compounds were either
coded as entity or property, which are on the lower level of complex thinking for the
prompt. Researchers could propose interventions to promote higher level thinking and
a more cognitive approach to learning about what information can be derived from a
chemical compound. Interventions could be designed to show students that by looking
at a chemical compound, these are the type of properties or information that can be
determined from the compound. . Researchers could also see the differences between
the PLTL students, non-PLTL students and peer leaders and propose changes to the
curriculum or emphasize certain teaching pedagogies to show that they promote a
deeper level of thinking when it comes to the connections between chemical properties
and processes and a chemical’s compound structure. Instructors can also use the
information from this analysis to see the type of information that students are relating to
a chemical compound. They could attune their lessons to emphasize other information
that could be derived from a chemical compound and to showcase to students the
variety of different information that could be derived from a chemical compound.

Limitations
A limitation of this study is that the returning sample size. For any type of
longitudinal study, there is always bound to be a drop off between participants not
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coming back to participate in a second round of assessments. However, the hope is
that when that happens, it does not have an impact on analysis of the data that the
participants have provided. In this situation, there is a possibility that the drop off might
have affected some of the analysis because out of the 45 students who participated in
the original assessment, only 31 returned, which means that almost 30% of the
participants did not return. The hope is that each group would have went down the
same, but that was not the case. The initial size of each of the groups was 14/15/16 for
PLTL students/non-PLTL students/peer leaders, respectively. If 30% of the participants
did not return, the hope is that the decrease would be nearly universal across the
groups, giving a new size of each group of 10/10/11. However, that is not what
happened, as the actually size of the groups for the Fall 2019 assessment was 10/8/13,
which is okay, but not ideal. However, to mitigate the possible skewing of the results
because less peer leaders decided to not return to the study, a good description of the
analysis with other metrics don’t rely heavily on a count that could be swayed by
population size could be used.
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CHAPTER FOUR
OVERALL INSTRUCTOR IMPLICATIONS

Both studies have showcased different ways that the retention of knowledge
can be measured and thus analyzed. The first study showcased how multiple-choice
questions can be used to ascertain a student’s ability to retain knowledge and the use of
cluster analysis to group students on a set of variables to determine how much they
retain throughout a semester. The second study used open-ended responses to
showcase a student’s ability to retain content knowledge months after it was initially
learned. The second study also delved into the perceived important topics of students
and peer leaders. From the two studies and the results that were showcased, there are
a variety of implications that can be put forth for instructors to consider when developing
a curriculum for their classes.
An implication that can be determined from this research, in particular the first
study, is the use of a clustering method to analyze the retention of knowledge among
students. As discussed in the rationale earlier, one of the flaws of a post-test/delayed
post-test approach to measuring retention is the inability to delve further into the
numbers than just the averages. When looking at the results of a post-test/delayed
post-test approach, there is no way to determine whether the students who got the
question incorrect on the post-test and correct on the delayed post-test are offsetting
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the students who got the question correct on the post-test and incorrect on the delayed
post-test. This oversight would cause some potential misinterpretation of the results, as
the averages between the post-test and delayed post-test would seem similar, so it
could be assumed that there is some form of retention, but the offsetting of students
showcases that there is more to the retention that meets the eye. Clustering students
based on how they answer a series of questions that are repeated verbatim allows a
more nuanced approach to analyzing these students because then they can be grouped
by how they perform on these items. Based on the analysis performed on the data set,
there is a group of students who “gained” on the final exam and a group of students who
“faltered” and more analysis can be done on these group of students that wouldn’t have
been able to have been done if this clustering approach was not implemented.
Another use of this cluster approach is to look at specific topics. The
questions that were selected in the study to repeat verbatim were not all the same topic.
In fact, the same topics were seldom selected more than once to be repeated. This was
done to try and not focus on one topic and therefore potentially interpret the results as
not retaining general chemistry concepts, but instead really interpreting the results as
how students retain on certain concepts. However, this clustering method can be
designed to test specific topics by selecting only questions from a specific topic to
repeat verbatim. If an instructor is interested in their students’ ability to retain
information about the concept of stoichiometry, then the instructor can select only
questions that deal with stoichiometry as the questions to repeat verbatim on the final
exam. That way, the questions are measuring a student’s ability to retain information
about stoichiometry instead of general chemistry content across the board. Instructors
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would be able to group students by answered the questions repeated and then make
changes to their curriculum to either promote or mitigate certain groups, such as
promoting Retainers and mitigating No-Success.
Instructors can also take away the results from Table 23 by seeing that there
were a greater percentage of students in the Retainer group when taught using PLTL
than there were when the students were taught using traditional lecture. On the other
side, there was a greater percentage of students in the Falterer and No-Success groups
when taught using traditional lecture than PLTL. These results showcase that the use
of PLTL has a positive effect on a student’s ability to retain content knowledge when it
comes to general chemistry. The results showcased in Table 23 show that active
learning has a positive effect on a student’s ability to retain content knowledge and has
been shown in other works of literature using a wide range of active learning
pedagogies, such as inquiry-based learning (Suparson 2015), an analogy activity (Calik
2009), guided discovery (Teichert 2017), case-based learning (Malau-Aduli 2013),
problem-based learning (McBride 2016) and discussion-oriented curriculum (Shah
2018). Instructors should implement an active learning pedagogy in their class to
promote the retention of knowledge among the students.
In the second study, there are a handful of implications that instructors can
take away from the results. One of the implications come with the first question that
was analyzed, where the students answered what they thought were the three most
important topics in general chemistry. There were four topics that several students and
peer leaders had written down: acids/bases, equilibrium, stoichiometry and
thermodynamics. When it comes time for instructors to teach these topics, the
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instructors can spend more time explaining these topics and how these topics relate to
other topics that students will encounter as they progress through their chemistry
curriculum and how these topics form the foundation of their chemistry knowledge and
are built upon as they progress. Stoichiometry, since it is a general chemistry I topic
when compared to the other three topics should be stressed upon more early on in
chemistry because chemistry students will continue to use stoichiometry throughout
their future chemistry curriculum. Instructors should stress the importance of being able
to balance a chemical equation or understand how mole ratios play a role in how a
chemical reaction proceeds. Instructors can also discuss how stoichiometry builds into
equilibrium, acids/bases and thermodynamics by how the mole ratios of chemical
equation affect the equilibrium of the reaction and how stoichiometry is used when
performing titrations with acids and bases. Instructors can emphasize that the topic of
equilibrium is built upon when they get to acids/bases and thermodynamics because an
acid/base titration is a form of equilibrium and the equilibrium constants have an effect
on certain thermodynamic properties. Instructors can emphasize to students that
understanding these topics and how they relate to other topics can increase the
student’s ability to retain the knowledge and can transfer it to new topics moving
forward.
The two questions asking about the covalent compound and the ionic
compound also has some implications for instructors. The analysis of the incorrect
responses shows a disconnect when it comes to the Lewis structure of a compound and
the information that can be determined from a Lewis structure. The most common
retained incorrect statements were in relation to students attempting to draw a Lewis
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structure for an ionic compound and then trying to determine properties of the
compound based off the incorrect Lewis structure. Instructors should spend more time
on Lewis structures and explain the different properties that can determined from a
Lewis structure. Instructors should take the time to explain that ionic compounds do not
have Lewis structures where the bonds are shown to be covalent. This misconception
should be addressed when the topic of Lewis structure is broached in the class and
then the instructors should show how many different properties can be determined from
a Lewis structure of a compound. These questions also showcased the difference
between teaching pedagogy and whether the participant was a student or a peer leader.
The peer leaders showcased a deeper level of understanding of the different
information that can be provided about a compound, not just from a Lewis structure, but
just a deeper knowledge of the properties of compounds. Students who were taught
using PLTL also showcased a better understanding of the properties of compounds
than students who were taught using a traditional lecture, but not to the extent of peer
leaders. Instructors should implement some form of active learning, such as PLTL in
their classroom to encourage students to understand the different properties of a
compound and they should also encourage students to help other classmates or lead
discussion. If PLTL is not an option, then instructors should help promote active
learning by encouraging students to teach and help other classmates, acting as pseudopeer leaders and getting the added benefit of having to explain the information to other
people.
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CHAPTER FIVE
OVERALL CONCLUSIONS

These two studies aimed to analyze the retention of knowledge among
general chemistry students and peer leaders in the case of the second study. The first
study used a statistical approach as well as developing a methodology to group
students based on a set of repeated questions to use as a retention method. The
second study used a coding scheme and the frequency of those codes to analyze the
retention of knowledge among general chemistry students and peer leaders.

First Study
In the first study, one of the research objectives was to propose and evaluate
a methodology to analyze the retention of knowledge within a large chemistry
classroom. The methodology that was proposed was to take questions from the in-term
exams and repeat them verbatim on the final exam. Then the students, who had taken
all three in-term exams as well as the final exam, were grouped based on how they
responded to the six repeated questions using cluster analysis. After the cluster
analysis was done, the different clusters would try to be differentiated and analyzed
what type of students were being described with the cluster. After the clusters were
established the average test score of the clusters were analyzed to see if there were
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any trends between the clusters. A measure of growth or declination was also observed
using the clusters.
Five different semesters, two General Chemistry I and three General
Chemistry II, were analyzed using the cluster analysis to group students based off how
the students performed on the repeated questions. Generally, for most of the courses,
a four-cluster solution was the ideal solution for the dataset, however, there were cases
where a three and five cluster solution were found to be the ideal dataset. With the
four-cluster solution, the groups were labeled Retainers, Gainer, Falterers and NoSuccess. For the three cluster solution, the three clusters were Retainers, Gainers and
Falterer/No-Success and with the five cluster solution, four of the clusters had the same
labels as the four-cluster solution, but the fifth cluster was labeled Retain All Six and
was comprised exclusively of students who answered all six questions correctly on both
the in-term exam and the final exam. For that cluster solution, the fifth cluster was not
included in the original cluster analysis.
After the clusters were identified and described, differences were sought
after. One of the metrics used to determine how different the groups of students were
that each cluster was describing was test score. The test scores were standardized and
the average test score for each cluster was compared, using ANOVA and pairwise
comparison to determine if there were significant differences between the groups. Most
of the semesters followed a similar pattern with how the clusters were different, but
there were differences between the semesters. With most of the semesters, the
Retainers had the highest test score performance out of all the groups, except for the
semester that had the Retain All Six group. In that semester the Retain All Six group
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outperformed all the other groups. The No-Success performed the worst on all the
exams. The data that was intriguing was what happened to the Gainers and Falterers
group as the semester continued. There were some sections where the Gainers started
out outperforming the Falterers and then as the semester proceeded, the gap between
the Gainers and the Falterers grew with each subsequent test. There were also
semesters when the Gainers were outperformed by the Falterers at the start of the
semester but by the end of the semester the Gainers had outperformed the Falterers.
The gap between the two groups either grew or shrank, depending on if the Gainers
outperformed the Falterers on Test 1. Once the groups were established, the growth or
declination can be measured by using a linear regression with a student’s Test 1 score
predicting their final exam score. Then the residuals of that regression were analyzed
to see if the certain groups outperformed how they were predicted to perform. It was
discovered that the Retainers and Gainers performed better than they were predicted to
do and the Falterers and No-Success performed worse than they were expected to
perform. There were a couple of semesters where the Gainers performed worse than
expected, but for the most part the Gainers performed better than expected. So this
group that was identified as Gainers represents a unique group of students that shows
growth throughout a semester, which can be seen in the improvement of their test
scores as well as performing better on the final exam when using their Test 1 as a
predictor.
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Second Study
The second study aimed to look at students’ and peer leaders’ retention of
concepts that relate to a compound and to the evolution of important chemistry topics to
the students. This was accomplished in two parts. The first part looked at the topics
that chemistry students and peer leaders thought were important to them. There was
one topic from General Chemistry I that was commonly selected as an important topic
by the students in the study as well as the peer leaders, and it continued even after six
months of not taking general chemistry and it was stoichiometry. The second
assessment also showed how different topics can be perceived as important when
given the recency of the topic being learned to the completion of the assessment.
When the students had taken the first semester at the end of General Chemistry II, they
had just completed the electrochemistry topic, which had been the last topic that the
students are taught in General Chemistry II. There were many students who believed
electrochemistry was an important topic in general chemistry. However, when the
students returned six months later and asked the same question, not a single student
wrote down electrochemistry as one of the three big topics in general chemistry. This
showcases that some topics are perceived as important because they were recently
taught. This also helps support the notion that stoichiometry is such an important topic
in general chemistry because, even after months of not being taught the topic of
stoichiometry, many students still believe that stoichiometry is an important topic to
remember.
The second part of the analysis looked at what information could be
determined from a chemical compound. The students were asked about a covalent
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compound and an ionic compound. The peer leaders, on average, tended to provide
statements that were coded as property or higher, which showcased a deeper
understanding of chemical properties and a better ability to connect a chemical
compound to chemical processes. The PLTL students were able to make more
connections than the non-PLT students from an entity of the compound to a property of
that entity, showcasing a better understanding of chemical properties and their
connection to a chemical compound. The peer leaders, for the ionic compound
question, were the only participants who were able to connect the dissociation of a
compound to its chemical formula and they were also the only students who thought
that the ionic compound would be oriented in a lattice formation. When it came to the
analysis of measuring what statements were retained between the two assessments,
the non-PLTL students did not fair well when compared to the PLTL students and the
peer leaders. On the covalent question, the non-PLTL students had about the same
number of statements retained as the PLTL students, however the PLTL students
added about twice as many correct statements on the second assessment than the
non-PLTL students. This could showcase that PLTL might help with retention that
ultimately leads to growth with students’ ability to connect properties to a chemical
formula. On the question about the ionic compound, the non-PLTL students had the
lowest amount of correct statements retained, however they did add about the same
number of correct statements as the PLTL students. However, the level of complexity
for the statements was lower than the PLTL students. The non-PLTL students added
statements that were coded as entities or properties, whereas the PLTL students also
had statements that were coded as activity or organization. The peer leaders had the
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best retention of correct statements and addition of correct statements compared to the
students, showcasing that the need to be able to provide support for students who were
attending the PLTL sessions could facilitate this connection between chemical
compounds and chemical processes, which would cause the peer leaders to be able to
make connections between the compound and its ability to dissociate in water or be
represented as a lattice formation.
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